ABSTRACT
INTRODUCTION

39
Silver nanoparticles (AgNP, 1-100 nm-sized) are most widely used NP in consumer 40 products, mostly due to their excellent antimicrobial properties (1). However, the 
80
In contrast to Ag + ions, the mechanism by which AgNP interact with the cells and 
87
The main aim of this study was to investigate the effects of Ag ions (AgNO 3 ) and
88
AgNP (Collargol, protein coated AgNP) on bacterial outer and plasma membranes in 89 more detail. Effects of silver compounds on bacterial membranes were studied using 
MATERIALS AND METHODS
102
Chemicals
103
All the chemicals were at least of analytical grade. 
Statistical analysis
249
All tests were performed in duplicates and in at least three independent experiments.
250
The data were expressed as mean ± standard deviation (SD) or shown as 251 representative figure. To define statistically significant differences, the data were 252 analyzed with unpaired two-tailed t-test assuming equal variances at p<0.01. with 100 µM AgNP increased the intensity of SSC-A (Fig. 3A) differently from the effects of ionic silver.
315
To exclude the possibility that SSC-A shift was an artefact indicating the death of P. 
325
No changes in SSC-A for E. coli cells was observed at any time point (Fig. 3A-B) 
326
suggesting that AgNP did not attach to the E. coli cell envelope and did not enter the 327 bacterial cell or this interaction was weaker than in case of P. aeruginosa.
328
We further asked, whether the SSC-A shift in case of P. aeruginosa-AgNP interaction yellowish color after the oxidation (Fig. 3C) . Flow cytometry analysis showed that the SSC-A shift observed for P. aeruginosa cells incubated with AgNP was still observed 336 even after several washing rounds of the cells (Fig. 3A-B) , suggesting that some 337 fraction of AgNP crossed at least the OM and localized in the PM or cytosol. 
350
The results of our experiments showed that membrane-permeabilizing antibiotic PMB
351
increased the 1-NPN fluorescence approximately 3-fold in both E. coli and P.
352
aeruginosa suspensions ( Fig. 4A and B Differently from E. coli, no effect of Ag compounds (neither AgNO 3 , nor AgNP) was 358 observed in the case of P. aeruginosa suspensions (Fig. 4B ). This was in contrast to 359 higher toxicity of AgNO 3 and to AgNP towards P. aeruginosa compared to E. coli cells (Fig. 2) and the specific interaction of AgNP with P. aeruginosa AgNP cells (Fig. 3) .
361
These data suggest that the OM is not a primary target of Ag compounds. integrity of membranes and subsequent damage of (intra)cellular biomolecules (41).
441
To the best of our knowledge, the exact mechanism of damage of the envelope 442 barrier and the toxicity initiating event of AgNP are not yet defined.
443
In this study we showed that the PM is the main target of AgNP in E. coli and P.
444
aeruginosa. In the bioluminescence inhibition assay (Fig. 2) we observed that P. depolarization of the PM and the leakage of the intracellular K + (Fig. 5-7 ). In addition,
451
as many previous studies, we confirmed that AgNP toxicity is mediated via Ag ions 452 (Fig. 8) . The former was observed in bioluminescence inhibition assay (Fig. 2 464 Surprisingly, we did not observe any effects of Ag compounds on the bacterial outer 465 membrane (Fig. 4-5 ). Although AgNP clearly attached to P. aeruginosa cells (Fig. 3 ),
466
this did not lead to the permeabilization of OM (Fig. 4-5 associated and internalized by P. aeruginosa but not E. coli cells (Fig. 3) . One Finally, the assays used in our study showed the short-term (0 -1 h) dissolution-502 dependent antimicrobial mechanisms of Ag compounds to both bacteria. We 503 observed that the short-term toxicity of Collargol to E. coli and P. aeruginosa differed 504 only several times (Fig. 2 ) in this study, while the long-term toxicity of Collargol was 505 almost two orders of magnitude different for these two bacteria as shown in our previous article (4). Thus, the "quick" dissolution-dependent effects of AgNP might be 507 universal but the time-dependent effects seem to be specific to different bacteria. For The funders had no role in study design, data collection and interpretation, or the 530 decision to submit the work for publication. 
